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A Method For Maintaining A Communication Link In Wireless Network Groups 

FIELD OF THE INVENTION 

The present invention relates generally to wireless communication systems and, 
5 in particular, to wireless networks. 

BACKGROUND OF THE RELATED ART 

FIG. 1 depicts a wireless network 10 referred to herein as a piconet in accordance 
with the prior art. Piconet 10 comprises a master 12 and one or more dependents 14. Master 12 

10 is a communication device that may be directly or indirectly connected to communications 

network 16, such as a Public Switching Telephone Network (PSTN) or another wireless network. 
Master 12 being operable to communicate with dependents 14 over a wireless interface and 
having hardware and software for controlling and managing data or voice transmissions among 
dependents 14 and communications network 16. Dependents 14 are devices for communicating 

15 with master 12 over a wireless interface. For example, suppose master 12 is a telephone 
switchboard that is connected to a PSTN and dependent 14 is a wireless telephone. In this 
example, the communication path goes from the wireless telephone to the telephone switchboard 
to the PSTN, and vice-versa. 

Master 12 and dependents 14 are operable to communicate with each other so 

20 long as dependents 14 are within the coverage area of the piconet, which is defined by the 

communication range of master 12. Typically, master 12 has a communication range of a few 
meters. If dependents 14 are mobile devices, such as wireless terminals, and move beyond the 
communication range of master 12, dependents 14 would be unable to communicate with master 
12 and, thus, be unable to maintain a communication link with communications network 16. 

25 Accordingly, there exists a need for dependents 14 to maintain communication with 

communications network 16 when dependents 14 move outside the coverage area of the piconet. 

SUMMARY OF THE INVENTION 

The present invention is a method and apparatus for maintaining communication 
30 between a dependent and a communications network when the dependent is outside a coverage 
area associated with its master using a controller and a communications network. In one 
embodiment, when the dependent is in a piconet, the dependent is within communication range of 
its master using a communication channel on frequency band^d(l). When the dependent moves 
outside the piconet, the dependent should be within communication range of the controller and. 
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thus, switches to another communication channel within frequency band^and(l) such that it may 
communicate with the controller. When the dependent moves outside the communication range 
of the controller, the dependent should be within communication range of a communications 
network or a base station and, thus, switches to a communication channel within another 
5 frequency band>tBnd(2). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The features, aspects, and advantages of the present invention will become better 
understood with regard to the following description, appended claims, and accompanying 
10 drawings where 

FIG. 1 depicts a wireless network referred to herein as a piconet in accordance with the 
prior art; 

FIG. 2 a wireless network group in accordance with the present invention; 
FIG. 3 depicts a flowchart of a fi-equency searching protocol used in accordance with one 
15 embodiment of the present invention; and 

FIG. 4 depicts a flowchart illustrating the operation of a master device. 

:! DETAILED DESCRIPTION 


Si FIG. 2 depicts a wireless network group 20 in accordance with the present 

20 invention. Wireless network group 20 has an associated geographical area 21, such as one or 
& more floors within a building, which is within a coverage area or cell 32 associated with base 

station 30 is a part of a communications network. Base station 30 is well-known in the art. 
\Q Wireless network group 20 comprises a plurality of piconets 22-y and a controller 24 which are 

within the geographical area 21. Each piconet 22-y comprises a master 26-j and zero or more 
25 dependents 2S-k, Master 26'j being a communication device for communicating with dependents 
2S-k and controller 24, and having hardware and software for controlling and managing data 
transmissions among dependents 2S-k and controller 24. 

Masters 26-j are private local devices in control of communications in designated 
piconet coverage areas among its dependents 2S-k and controller 24. By contrast, base station 30 
30 is a public unit that provides wireless communications services for designated macro and/or 
micro cellular or PCS areas, i.e., cell 32. Base station 30 is also operable to communicate with 
controller 24 over a wireless interface on frequency band7band(2). 

Masters 26'j being operable to communicate with dependents 2S-k over a 
wireless interface using frequency band^d(l) and with controller 24 over a wired or wireless 
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interface. When communicating with dependents 28-^, each master 26-y uses a communication 
channel defined by a unique frequency hopping sequence j^, wherein the frequency hopping 
sequence fj is a part of a finite set of frequency hopping sequences^t within fi'equency band 
yband(l). Each master 26-y has an associated communication range in which master 26-y can 
5 communicate with dependents 28-A:. Such communication range R, defines the coverage area of 
piconet 22-y. Note that a master 26-y in one piconet may also be a dependent in another piconet. 

Controller 24 is a communication device being operable to communicate with 
master 26-y, dependents 2%-k and base station 30, and having hardware and software for 
controlling and managing data transmissions among dependents 28-A: and masters 26-y. 

10 Controller 24 communicates with base station 30 over a wireless interface using frequency band 
yband(2) and with dependents 28-A: over a wireless interface using frequency bandyband(l). When 
communicating with dependents 28-/:, controller 24 uses a communication channel defined by a 
unique fi-equency hopping sequence^, wherein the fi-equency hopping sequence^ is also a part 
of the finite set of frequency hopping sequences /set within fi-equency band /band(l)- Controller 24 

15 has an associated communication range in which controller 24 can communicate with 

dependents 28-A:. The range R<; of controller 24 may be supplemented via access points 25, which 
are devices for extending the range of controller 24. Such communication range defines the 
geographical area 21 associated with wireless network group 20. Note that there may be gaps 23 
in the geographical area 21 where controller 24 may not be able to communicate with dependents 

20 24-A:, In one embodiment, fi-equency band/,aiid(l) is approximately 2.4 GHz and fi'equency band 
/band(2) is either approximately 800 or 1800 MHz. 

Controller 24 interfaces with base station 30 in the following manner. Controller 
receives data from masters 26-y and/or dependents 28-^ on a communication channel defined by 
frequency hopping sequence/ on frequency band/,and(l) and subsequently demodulates and re- 

25 modulates the data onto a communication channel on frequency band/and(2), and vice-versa. 

Dependents 28-y are communication devices for communicating with masters 
26-7, controller 24 and base station 30 or equivalent. Dependents 28-A: are operable to 
communicate with any master 26-y or controller 24 using any of the frequency hopping sequences 
/ or/ from the finite set of frequency hopping sequences /et- Dependents 28-A: are also operable 

30 to communicate with base station 30 over a wireless interface using frequency band/and(2). 

When dependents 28-A: are activated or already active, dependents 28-A: follow a 
frequency searching protocol to establish a communication link with a master device or base 
station 30, wherein master devices include masters 26-y and controller 24. Once a communication 
link is established with a master device, dependents 28-A: can communicate with base station 30 
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through the linked master device. Specifically, if the master device is a master 26-7, the 
transmission path spans from dependents 28-^, to its master 26-y, to controller 24 and to base 
station 30, and vice-versa. If the master device is controller 24, the transmission path spans from 
dependents 28-/:, to controller 24 and to base station 30, and vice-versa. Note that a 
5 communication link can also be established directly between a dependent 28-/: and base station 
30. 

FIG. 3 depicts a flowchart 300 of a frequency searching protocol used in 
accordance with one embodiment of the present invention. In step 310, dependent 28-A: is 
activated. In step 315, dependent 28-/: searches for a signal transmitted on any of the frequency 

10 hopping sequences fj orfc in the finite set of frequency hopping sequences ^et- If one or more 
such signals are detected, in step 320, dependent 2S-k selects a master device associated with the 
detected signal having the strongest or an acceptable signal-to-noise ratio to be its master. In one 
embodiment, a signal transmitted on any of the frequency hopping sequences fj orfc is deemed 
detected if it has a signal-to-noise ratio over a threshold value. In one embodiment, if a signal 

15 with an acceptable signal-to-noise ratio is detected on any frequency hopping sequence and on 
frequency hopping sequence ^, the master associated with the frequency hopping sequence f is 
selected as the master device. 

In step 322, dependent 28-^ transmits a master registration message to its 
selected master device indicating dependent 28-A:'s selection of its master device. The master 

20 registration message being transmitted on the frequency hopping sequence associated with the 
selected master device. In steps 325 and 335, if the selected master device is controller 24, upon 
receipt of the master registration message, dependent 2S-k will be registered with and by 
controller 24 in a controller registry, which is a database or registry indicating master devices to 
which dependents 28-A: are registered. 

25 However, if the selected master device is a master 26-j\ upon receiving the 

master registration message, in step 330, the master 26-y transmits a controller registration 
message to controller 24 indicating to controller 24 to register dependent 28-A: with master 26-y. 
The controller registration message being transmitted on the frequency hopping sequence^ using 
a wired or wireless interface. Upon receiving the controller registration message, in step 335, 

30 controller 24 registers dependent 28-/: with master 26-y in the controller registry. Note that if 
dependent 28-A: was previously registered with another master device in the controller registry, 
the previous registration is superseded or replaced with the current registration in the controller 
registry. In one embodiment, master 26-j also registers its dependents 28-A: in a master registry, 
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which is a database or registry belonging to master 26-y and indicating the associated dependents 
28-A:. 

Once dependent 28-A:has been registered with a master device, or has transmitted 
the master registration message, in step 338, dependent 28-A: continuously searches for signals 
5 transmitted on any of the frequency hopping sequences fj or^, but not for signals transmitted on 
frequency band^and(2). In step 339, if dependent 28-A: detects one or more such signals with a 
stronger signal-to-noise ratio than the signal being transmitted by the master device to which 
dependent 28-A: is currently registered, dependent 28-A: will go to step 320 and select a new master 
device with which to be registered. Otherwise, dependent 28-A: will continue to search for signals 

10 transmitted on any of the frequency hopping sequences fj orf. In an alternate embodiment, in 
step 338, dependent 28-t also searches for signals transmitted on frequency bandyband(2). 

Note that when dependent 28-A: has been registered in the controller registry, 
controller 24 transmits a controller-base station registration message to base station 30 or a 
communications network indicating to base station 30 to set up a communications link for 

15 dependent 2%-k through controller 24, wherein the controller-base station registration message is 
transmitted on frequency band /band(2). Upon receiving the controller-base station registration 
message, base station 30 registers dependent IZ-k in a registry and provides communication 
services to dependent 28-^ via controller 24. Once this communication link has been set up, the 
communication link from and to dependent 28-A: to master 26-j to controller 24 to base station 30 

20 is completed. 

Returning to step 3 15, if no signals transmitted on any frequency hopping 
sequences fj ovf were detected, in step 340, dependent 28-A: searches for a signal transmitted by 
base station 30 or a communications network on frequency band/,and(2). If such a signal is 
detected, in step 345, dependent 28-A: proceeds to register with base station 30, as is well-known 

25 in the art. Otherwise, service is denied to dependent 28-A: and dependent 28-A: continues to step 
315. In one embodiment, a signal transmitted by base station 30 on frequency band^aiid(2) is 
deemed detected if it has a signal-to-noise ratio over a threshold value. 

After dependent 28-A: has been registered with base station 30, in step 350, 
dependent 28-A: will continue to search for signals transmitted on any of the frequency hopping 

30 sequences fj ot/c on frequency band,^and(l)- If dependent 28-A: detects one or more such signals, 
dependent 28-A: will go to step 320 and select a master device with which to be registered. When 
dependent 28-A: registers with the master device, the master device will subsequently cause 
controller 24 to re-register dependent 28-A: at base station 30 via controller 24. For example, 
when dependent 28-A: sends a master registration message to its new master device and is 
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subsequently registered at controller 24, as described steps 320-335, controller 24 transmits a 
base station re-registration message to base station 30 indicating or instructing base station 30 to 
re-register dependent 28-A:via controller 24 wherein the base station re-registration message is 
transmitted on frequency band /band(2). When base station 30 receives the base station re- 
5 registration message, base station 30 re-registers dependent via controller 24. By 

re-registering dependent 2i-k via controller 24, base station 30 knows to communicate with 
dependent 28-A: through controller 24. 

Once dependent 28-k is registered with a master device, the master device can 
cause dependent 28-A:to be unregistered. FIG. 4 depicts a flowchart 400 illustrating the operation 

10 of a master device. In step 410, the master device with which dependent 28 is registered 

continuously monitors the signal strength or signal-to-noise ratio of signals being transmitted 
from dependent 28-A:. In step 420, if such signal strength or signal-to-noise ratio falls below a 
threshold value or another value, the master device will cause dependent 28-A: to be unregistered 
in the controller registry. In the case where dependent 2S-k is currently registered with a master 

15 26-j in the controller registry (i.e., the master device is a master 26-j\ in steps 430 to 450, master 
26-j will transmit a controller unregistration message to controller 24 indicating to controller 24 
to unregister dependent 28-^ from master 26-j in the controller registry. In the case where 
dependent 2S-k is currently registered with controller 24 in the controller registry (i.e., the master 
device is controller 24), in steps 430 and 450, controller 24 will unregister dependent 28-^ from 

20 itself in the controller registry. 

Whenever controller 24 unregisters any dependent 28-^ without re-registering the 
same dependent 28-A: with another master 26-y or itself (as in the case where dependent 28-A: 
selects a new master device), in step 455, controller 24 will transmit a handoff message to base 
station 30 indicating to base station 30 the profile of dependent 28-A: and to start communicating 

25 with the dependent 28-A: being unregistered by controller 24 from the controller registry. When 
base station 30 receives the handoff message, base station 30 re-registers dependent 28-A: in its 
registry such that base station 30 now knows to communicate directly with dependent 28-A^ (and 
not through controller 24). The handoff message being transmitted on frequency band^d(2). 
Subsequently, in step 460, controller 24 transmits a base station registration message to that 

30 dependent 28-A: indicating or instructing dependent 28-^ to search for signals transmitted on 

frequency band^d(2) and, upon detection, to re-register with base station 30 associated with the 
detected signal on frequency bandyband(2). In another embodiment, once dependent 28-A: receives 
the base station registration message, dependent 28-A: starts to communicate directly with base 
station 30 without searching for signals transmitted on frequency band^d(2). The base station 
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registration message being transmitted on frequency band^and(2). Alternately, the base station 
registration message may be transmitted on frequency hopping sequence 7i alone or in 
conjunction with the base station registration message being transmitted on frequency band 

^and(2). 

5 Note that FIG. 2 depicts an embodiment in which cell 32, i.e., coverage area of 

base station 30, includes the geographical area 21 associated with wireless network group 20. In 
other words, any area within geographical area 21 should be within communication range of base 
station 30 except for gaps 23 in the geographical area 21. Note that in most cases, gaps 23 in 
geographical area 21 should not be gaps in cell 32. When dependent 2i-k leaves a piconet, it is 

10 assumed to still be within the geographical area 21 and, thus, should also be within the coverage 
area of base station 30 thereby allowing dependent 2S-k to register with base station 30 once it 
leaves the piconet 22-j, Other embodiments are possible. In another embodiment, the 
geographical area 21 may be in the coverage areas of two adjacent base stations. In this 
embodiment, controller 24 may instruct dependent 2 8- A: to register with a particular base station 

15 based on the piconet 22-y from which dependent 28-A: is leaving. In another embodiment, part of 
the geographical area 21 is in the coverage area of base station 30 and the other part of the 
coverage area 21 is not in the coverage area of any base station. In this embodiment, controller 
24 may instruct dependent 28-A: upon leaving a piconet 22-j to attempt to register with base 
station 30 regardless of whether dependent 28-A: is within cell 32. 

20 It should be understood that although the present invention is described herein 

with reference to certain embodiments, other embodiments are possible. Accordingly, the present 
invention should not be limited to the embodiments disclosed herein. 




